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PREFACE 


This  format  document  is  submitted  as  one  of  the  steps  in  the  development 
of  an  AN/SQS-23  Sonar  Operator  Performance  Standards  Guide  under  con- 
tract N00022-67-C-0172  with  the  Bureau  of  Naval  Personnel.  The  intent 
underlying  the  submission  of  this  format  document  is  to  describe  the  computa- 
tion schemes  we  have  developed  and  the  format  of  the  graphs,  charts  and 
tables  selected  to  provide  the  data  to  be  used  in  the  computations.  The  pur- 
pose for  such  submission  is  the  solicitation  of  comments  and  recommendations 
concerning  changes  of  format  which  will  make  the  use  of  the  resulting 
standards  either  easier  or  more  precise  in  the  shipboard  environment. 

An  indication  only  of  the  scope  and  tenor  of  the  background  and  descrip- 
tive material  will  be  provided  in  this  submission,  generally  in  outline  form. 
Detailed  text  material  will  be  provided  in  a later  draft  submission  of  the 
complete  Standards  Guide.  The  empirical  charts  provided  are  samples  only. 
Complete  sets  of  empirical  charts  will  be  provided  with  the  draft  submission. 
The  values  found  in  the  charts  included  herein  will  differ  from  those  sub- 
mitted with  the  draft  submission.  They  should  not  be  used  for  operational 
evaluation  of  performance. 


The  primary  purpose  for  operator  standards  is  to  provide  the  basis  for 
an  objective  evaluation  of  operator  performance.  To  insure  that  such  evalua- 
tion is  independent  of  the  variations  due  to  changes  in  environment  or  tactical 
situation,  the  effects  of  these  changes  must  be  "normalized"  in  some  manner. 
The  normalization  method  must  be  based  on  data  available  in  the  measure- 
ment situation  (i.  e.  , on  board  ship).  In  addition,  performance  must  be 
measured  along  dimensions  which  are  operationally  significant  (e.  g.  , 
detection  range).  The  cost  of  naval  operations  in  general,  and  target 
services  in  particular  makes  it  critically  important  that  any  method  of 
operator  performance  evaluation  not  require  the  scheduling  of  additional 
exercises  for  its  application;  the  operations  and  measurements  involved  must 
be  compatible  with  exercises  conducted  for  other  purposes.  Thus,  the 
operator  evaluation  system  must  provide  additional  exploitation  of  the  data 
already  available.  The  system  provided  in  the  proposed  standard  meets  all 
of  the  conditions  noted  above. 


The  exploitation  of  already  available  data  clearly  will  require  some 
additional  data  manipulation.  The  principle  which  has  guided  us  in  this  effort 
has  been  that  such  manipulation  must  be  of  the  simplest  possible  nature  con- 
sistent with  validity  of  the  results.  The  method  devised  is  believed  to  be 
compatible  with  the  computational  skills  and  tools  normally  found  aboard  ship. 
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The  data  developed  to  perform  the  primary  function  of  the  guide,  namely, 
evaluation  of  sonar  operator  performance,  can  also  provide  important  tacti- 
cal data  concerning  total  system  performance  which  includes  operator 
performance  in  an  authoritative  manner.  It  can  provide  additional  guidance 
in  such  matters  as  ASW  ship  spacing,  maximum  < fft.ctive  weapon  launch 
range,  number  of  weapons  to  launch,  time  to  fire,  etc.  Furthermore, 
collection  ot  total  system  and  personnel  performance  data  on  a fleet -wide 
basis  can  provide  an  important  additional  data  base  for  use  in  tactical 
analy  se  s. 
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1.  INTRODUCTION 


A.  General 

These  AN/SQS-2J  Sonar  Operator  Performance  Standards  have  been 
prepared  as  one  of  the  taska^under  contract  N00022-67-C-0172  with  the 
Bureau  of  Naval  Per sonnel. 'SThe  scope  of  this  task  is  to  develop  perfor- 
mance standards  for  two  key  sonar  operator  functions;  namely,  submarine 
detection  and  target  tracking. 

The  primary  purpose  of  such  performance  standards  is  to  provide  a 
basis  against  which  to  evaluate  individual  sonar  operator  performance  under 
the  widely  varying  sonar  and  tactical  conditions  encountered  at  sea,  and  to 
do  so  in  terms  of  the  performance  to  be  expected  of  a "standard  operator" 
under  identical  conditions.  > This  "standard  operator"  is  one  who  exhibits 
normal  levels  of  visual  and  auditory  acuity  and  response,  psychomotor 
response  time  and  accuracy,  and  behavioral  response  to  tactical  conditions. 
He  also  knows  and  follows  the  doctrine  and  procedures  prescribed  for 
optimum  use  of  his  equipment.  This  standard  sonar  operator  is  neither  the 
"perfect  man"  nor  a ' superman";  rather,  he  should  be  thought  of  as  an 
"average  trained  man.  " The  expected  performance  of  this  standard  operator 
is  assigned,  in  these  standards,  a score  of  SO  percent.  We  would  expect 
the  performance  scores  of  actual  operators,  after  a statistically  valid 
number  of  measurements,  to  average  something  close  to  this  50  percent 
value.  No  attempt  is  made  to  assign  a pass  or  fail  score;  however,  con- 
sistently poor  performance  by  an  individual  should  make  evident  the  need 
for  additional  training  or  for  tests  of  sensory  capabilities.  Conversely, 
analysis  of  consistently  superior  performance  by  an  individual  can  uti  over 
valid  procedural  improvements  or  personnel  sele.tion  criteria. 

B.  Applications 

At  the  shipboard  command  level,  use  of  these  standards  can  give  the 
captain  a measure  of  the  tactical  capabilities  of  his  sonar  system  including 
the  operators.  It  can  highlight  the  need  for  and  urgency  of  equipment 
maintenance  or  operator  training.  It  can  assist  in  the  optimum  assignment 
of  personnel.  It  can  provide  a measure  of  the  expected  tactical  perfor- 
mance of  his  sonar  system  under  the  existing  environmental  conditions. 

Study  of  the  tracking  standards  can,  by  supplying  data  on  probable  solution 
accuracy  and  miss  distance,  provide  a basis  for  reaching  a decision  regard- 
ing optimum  time  to  fire  and  number  of  weapons  to  fire. 
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At  higher  command  echelons  the  Standards  Guide  can  form  a basis  for 
the  evaluation  of  the  tactical  performance  of  units  or  for  the  determination 
of  screen  assignments,  unit  spacing,  etc.,  based  on  the  probable  detection 
performance  of  units  under  the  existing  environmental  conditions. 

C.  Guideline  s 

Because  these  performance  standards  are  intended  for  shipboard  use, 
two  sets  of  guidelines  were  rigidly  followed.  First,  there  is  no  requirement 
for  data  not  already  available  on  board  ship.  Thus,  the  environmental  data 
required  is  that  regularly  logged  on  board  ship.  The  target  data  required  is 
that  regularly  supplied  for  exercise  reconstruction.  No  data  not  already 
available  is  required.  Second,  the  guidelines  used  in  the  development  of 
necessary  computation  schemes  were: 

1.  All  empirical  data  based  on  the  computer  simulation  runs  are 
presented  in  the  form  of  charts  or  graphs. 

2.  It  is  presumed  that  personnel  using  this  guide  can  easily 
perform  the  arithmetic  operations  of  addition,  subtraction, 
multiplication  and  short  division.  Graphical  aids  (graphs, 
nomograms,  etc.)  are  provided  for  other  arithmetic 
operations.  The  use  of  a slide  rule  would  normally  be  faster 
and  more  accurate,  and  hence  is  recommended  in  preference 
to  the  graphical  aids. 

3.  Tables  will  be  provided  for  applicable  probability  functions. 

One  other  guideline  was  adopted:  use  of  the  Standards  Guide  for  the 
evaluation  of  operators  shall  not  require  additional  submarine  services,  or 
additional  ship  operating  time.  However,  some  additional  manipulation  and 
evaluation  of  existing  data  would  necessarily  be  involved. 

D.  Detection 


The  concept  adopted  for  evaluation  of  sonar  operator  detection  perfor- 
mance is  that  each  detection  made  by  an  operator  whose  final  classification 
is  "possible  submarine"  or  higher,  or  which  subsequently  is  determined  to 
have  been  a submarine  upon  exercise  reconstruction,  will  be  used  in  his 
evaluation.  This  will  require  the  maintenance  of  a Submarine  Detection  Log 
for  each  operator,  this  log  consisting  of  a Submarine  Detection  Data  Sheet 
for  each  detection  of  a submarine  and  a Submarine  Detection  Summary  for 
each  operator.  These  at-sea  detections  can  and  should  be  supplemented  by 
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detections  using  PME  taped  targets  under  at-sea  conditions,  so  long  as  the 
operator  is  not  familiar  with  the  tape  used,  and  the  necessary  environmental 
data  at  time  of  taping  are  available.  Detections  obtained  on  trainers  (e.  g.  , 
14A2  series)  should  not  be  used. 

E.  Tracking 

The  concept  chosen  for  the  evaluation  of  sonar  operator  tracking  per- 
formance is  different.  Each  course  or  speed  leg  of  a submarine  during  an 
exercise  provides  an  evaluation  of  the  sonar  operator's  tracking  perfor- 
mance, if  the  actual  course  and  speed  data  are  made  available  after  the 
exercise.  Thus,  a single  exercise  can  give  as  many  evaluations  of  the 
operator  on  the  stack  as  there  are  course  legs.  To  be  completely  valid, 
the  target  aspect  angle  should  be  varied  somewhat  randomly  between  bow, 
beam,  quarter  aspect,  etc.  Thus,  the  sonar  operator  can  and  should  be 
evaluated  in  tracking  performance  on  each  submarine  exercise.  Similarly, 
PME  taped  targets  can  be  used  provided  that  actual  course  and  speed  data 
are  available  and  are  not  preannounced  on  the  tape,  and  provided  that 
neither  the  sonar  operator  nor  the  attack  plotter  operator  is  familiar  with 
the  tape.  A third  method  for  evaluating  sonar  operator  tracking  perfor- 
mance is  to  use  surface  targets,  provided  that  the  sonar  room  and  UR  plot 
are  insulated  from  data  obtained  using  other  sensors.  Submarine -like 
speed  ranges  should  be  used  by  the  target  surface  ship.  A fourth  method,  if 
the  ship  is  so  equipped,  is  to  use  controllable  artificial  targets  introduced 
into  the  sonar  display.  A fifth  method  is  to  use  the  data  obtained  during 
sessions  on  the  14AZ  training  device.  No  difficulty  is  envisioned  in  obtain- 
ing sufficient  data  for  the  evaluation  of  sonar  operators  in  tracking 
performance.  The  basic  fact  underlying  the  entire  method  of  son.ir  operator 
evaluation  in  tracking  uncovered  in  this  study,  is  that  a reasonable  trained 
and  conscientious  attack  plotter  operator  contributes  only  negligibly  to  the 
errors  in  target  course  and  speed  solution.  Rather,  the  levels  of  the  errors 
in  target  course  and  speed  solution  are  almost  a direct  measure  of  the 
accuracy  with  which  the  sonar  operator  positions  his  cursor  in  range  and 
bearing. 
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11 . DE  rEC  l'l ON  S r ANDARDS 


(This  section  will  present  a short,  relatively  non-technical  discussion 
of  the  basis  and  assumptions  for  the  standards  developed.  It  will  again  be 
emphasized  that  the  selection  of  the  standard  chart  to  be  used  and  the 
computation  of  corrections  to  be  applied  are  based  upon  data  which  are 
already  regularly  recorded  and  available  on  board  ship.  This  will  be 
followed  by  a concise  discussion  of  the  areas  of  applicability  of  the  detection 
standards,  and  a des>  ription  ot  the  standards  documents  provided.  A lucid 
description  ot  the  use  ot  the  standards,  "cookbook  style"  will  also  be  pro- 
vided. The  discussion  will  follow  the  outline  below.) 

A . reclinic.il  Basis  for  the  Detection  Standards 

1.  Environmental  Factors 

a.  Propagation  losses 

b.  Reverberation  computations 

c.  Own  ship's  noise  level 

d.  Quenching 

e.  Sonar  source  level 

1.  Operator  Performance  Factors 

a.  Operator  visual  acuity  (normal) 

b.  Sonar  room  lighting  level  (normally  darkened) 

c.  Scope  brightness  and  gain  adjustment  (optimum  per 
environmental  results) 

d.  Clutter  loss  (based  on  reverberafion-to-noise  ratio) 

e.  Semi  -random  video  scan  (based  on  experimental  results) 

f.  Operator  auditory  acuity  (normal) 

g.  Masking  effects  (noise  and  reverberation,  effects  of 
doppler) 

h.  Use  of  earphones  (cuts  out  ambient  noise) 

i.  Audio  search  pattern  (normally  beam-to  beam) 
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3. 


ASW  Ship  Alert  Level 


a.  Categorization 

b.  Effects 

4.  Target  General  Tactical  Situation 

a.  Approach,  screen  penetration  or  attack  phases 

b.  Evasion  phase  or  ASW  freeplay 

c.  Effect  on  data  utilization 

B„  Applicability  of  the  Detection  Standards 


1. 

AN/SQS-23  (TRAM  Series) 

2. 

Submarine  Targets 

3. 

Effect  of  Target  Tactical  Situation  on 

Applicability  (Initial  Detection  Versus 

Reacquisition) 

C.  Description  of  the  Standards 

1.  Curves  of  Probability  of  Detection 
Beyond  a Given  Range  (Sample,  Figure  1) 

2.  Curves  of  Probability  of  Detection 
at  a Given  Range  (Sample,  Figure  2) 

3.  Correction  Factors  for  the  Following 
Parameters 


a.  ASW  alert  level 

b.  Surface  water  temperature 

c.  Layer  depth 

d.  Target  depth 

e.  Wind  velocity 

f.  Sea  state 

g.  ASW  ship  speed 

h.  Sonar  source  level 

i.  Audio  search  sector  width 
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4.  Computation  and  Scoring  Sheets 

a.  Submarine  Detection  Data  Sheet  (Figure  3) 

b.  Sonar  Operator  Submarine  Detection  Summary  (Figure  4) 

c.  Sonar  Operator  Submarine  Contact  Reacquisition  Summary 
(Figure  5) 

D.  Use  of  the  Standards 


Completing  the  Submarine  Detection 
Data  Sheet 


a.  Completing  the  data 

b.  Selecting  the  appropriate  Probability  of  Detection  Chart 

c.  Computing  the  detection  range  corrections 

1)  Initial  detection  versus  reacquisition  or  approach 
versus  evasion 


2)  Environmental  conditions 

3)  Procedure  when  submarine  maneuvers  from  "below 
layer"  to  "in  layer"  situation 


Completing  the  Sonar  Operator  Submarine 
Detection  Summary 


a.  Selecting  the  detections  appropriate  for  entry  (initial 
detections,  approach  phase  detections) 


b.  Completing  the  data  forms 


c.  Computing  individual  detection  and  cumulative  detection 
score  s 


d.  Maintaining  the  operator  detection  performance  log 


Submarine  Detection  Data  Sheet 
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Sonar  Operator's  Name 


Date 

Time 

Detection  Range  (yards) 

Target  ture  bearing  at  detection 
Is  target  live  or  faked  (PME) 

Final  classification 

Reconstructed  classification 

Target  tactical  category 

ASW  alert  level 

Audio  search  sector  width 

Surface  water  temperature 

Water  depth 

Layer  depth 

Target  depth  (estimated) 

Reconstructed  target  depth 
True  wind  velocity 

Sea  state  (U.S.  Hydrographic  Office  Code) 
Own  ship  speed 
Sonar  source  level 
Standard  chart  used 


Range  correction,  Total 
Corrected  detection  range 
Detection  probability  from  chart  (P^) 
Score  ( 1 -Pd) 


Date 

Rapge 

Core 
" | 

+ 

i 

t 

■ 

: 

" 

! 

( 

: 

1 

! 

i 

! 

, 

■ 

1 

1 

I 

i 

. 

1 

I 

1 

til 

Comments:  Submarine  attack  completed  (yes,  no) 

Contact  held  for minutes 

Number  of  ASW  attacks  completed  prior 

to  submarine  attack  or  lost  control 

Range  at  which  contact  was  lost 

Reason  for  termination  of  encounter  
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igure  5.  Sonar  operator  submarine  detection  summary 


3.  Completing  the  Sonar  Operator  Submarine 
Contact  Reacquisition  Summary  (Optional) 

a.  Selecting  the  detections  appropriate  for  entry  (contact 
reaiquisitions,  evasion  phase) 

b.  Completing  the  individual  and  cumulative  reacquisition 
performance  indices 

c.  Validity  and  usefulness  of  the  contact  reacquisition 
performance  indices.  (A  measure  of  the  reliability  in 
holding  contact  and  speed  of  reacquisition.  ) 

d.  Mantaining  the  operator  contact  reacquisition  log 

4.  Sample  Problems 

a.  Initial  detection 

1)  In  layer  or  below  layer 

2)  Below  layer  target  which  maneuvers  above  layer 

b.  Reacquisition 

(The  procedure  to  be  followed  will  be  expanded  in  the  Standards 
Guide.  In  summary,  it  is  as  follows: 

Step  1 

Complete  the  data  entries  in  the  Submarine  Detection  Data  Sheet. 
Step  2 

On  the  basis  of  the  data,  select  the  appropriate  Probability  of 
Detection  Curve.  Detailed  rules  will  be  given  in  the  Guide. 

Step  3 

Compute  the  detection  range  corrections  to  be  applied  to  account 
for  differences  of  actual  environmental  and  tactical  conditions  from 
those  used  in  the  selected  Probability  of  Detection  Curve. 
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Step  4 

Enter  the  selected  Probability  of  Detection  Curve  with  the 
corrected  detection  range.  Read  the  score. 

Step  5 


Enter  the  basic  detection  data  in  the  Sonar  Operator  Submarine 
Detection  Summary  or  the  Sonar  Operator  Submarine  Contact 
Reacquisition  Summary  as  appropriate. 

Step  6 

Compute  the  cumulative  mean  score  for  the  operator. ) 
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III.  TRACKING  STANDARDS 


(This  section  will  present  a short,  non-technical  discussion  of  the 
pertinent  results  and  conclusions  of  the  studies  report  in  Dunlap  and 
Associates,  Inc.,  Confidential  Report  BSD  No.  68-509  entitled  "Effects 
of  Operator  Errors  on  Accuracy  of  Target  Motion  Analysis  (U),  " Dunlap 
and  Associates,  Inc.,  Confidential  Report  BSD  No.  68-676  entitled  "Effects 
of  Exponential  Track  Smoothing  Technique  on  Accuracy  of  Target  Motion 
Analysis  (Hi,  " and  further  studies  conducted  using  our  tracking  simulation 
model  in  conjunction  with  weapons  systems  simulations.  The  scope  and 
organization  of  this  discussion  will  be  similar  to  that  used  for  the  detection 
standards.  In  addition,  there  will  be  some  discussion  of  the  tactical  impli- 
cations of  the  measures  and  standards  presented.  The  discus sion  will  follow 
the  outline  below.  ) 

A.  Technical  Basis  for  the  Tracking  Standards 

1 . The  Validity  and  Usefulness  of  Errors 
in  Target  Course  and  Speed  Solutions 
as  Measures  of  Sonar  Operator 
Performance 

2.  Factors  Affecting  Error  Levels  in 


Tar 

get.  Course  and  Speed  Solution 

a. 

Target  range 

b. 

Target  speed 

c . 

Time  since  last  change  of  target  course  or 

speed 

d. 

Equipment  errors 

e. 

Equipment  operating  modes 

f. 

Operator  precision  in  positioning  his  cursor  (display 
dependent) 

3.  Effects  of  Various  Modes  of  Equipment 
Operation 

a.  Range  scale  selection 
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1).  Director  mode  vc r bus  Normal  mode 

« . Sum  Brightening  mode  versus  Difference  Brightening  mode 
and  the  • . 1 1«. • t of  target  inte rmittency 

d.  l'argef  centered  versus  ship-centered  display 

4.  Kffei  t i-t  Atu  lllary  large?  Data  on  the 
Kffe«  five  in*,  s ol  1 racking 

a.  l arge  aspect  angle 

b.  Doppler 

i . How  accounted  for  in  the  scoring  (helps  his  score  if  it  is 
good! 

5.  The  Technical  and  Theoretical  Basis 
tor  the  Scoring  System 

a.  Including  system  bias 

b.  Fnminating  system  bias 

B.  Appli i abiH’y  ot  tin  1'r.i  king  Standards 

1 . AN/  SQS  1 Sona  r Sy  stem  s 

2.  Mk  »0_S,  Mk  111  end  Mk  1 14  Fire 
Con:  • ol  Sy  s’  on  s 

Degree  ot  Applicability  to  other 
Sonar  Sy  stem  s 

a.  Equipments  using  a 7 -inch  CRT  PPI 

b.  ISot  *o  equipments  using  sec  tear  scan  indicators 

C.  Dr  s'  i i pt  ion  ot  'he  Standards 

1.  Curvi'c  c-c t large:  Tracking  Course 
Ft  rot  (Sample  . Fi gur c s n and  7) 

2.  Cur  es  of  Target  Tracking  Speed 
Error  (Sample s.  Figures  H and  *?) 
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Completing  the  target  data 

1)  How  to  compute  the  number  of  track  legs 

2)  How  to  compute  the  time  of  a course  or  speed  change 
(time  at  which  change  is  initiated) 

Completing  the  track  solution  data 

1)  How  to  select  the  measurement  time  for  a track  leg 

a)  Firing  time  or  simulated  firing  time 

b)  Last  data  prior  start  of  next  leg 

2)  Target  range 

Determining  standard  course  error  and  standard  speed 
error 

1)  Effect  of  time  since  target  course  change  (affects 
both  course  and  speed  standards) 

2)  Effect  of  time  since  target  speed  change 

3)  Selecting  the  appropriate  standard  curve 


- 20  - 


DUNLAP  ,nd  ASSOCIATES 


i.S 


'NOMOGRAPH  FOR  CALCULATTUW  OF  RATTO 

(x/y)  AMD  S Q UARE  ( X/tf)* 


EXERCISE  TRACKING  DATA  SHEET 


V»1  nun  dildL'RH  CUmpicricru  pllui 

to  submarine  attack  or  lost  control 
Range  at  which  contact  was  lost 
Reason  for  termination  of  encounter 


Figure  3.  dunlap  uii  associates,  inc, 
- 9 - 


EXERCISE  TRACKING  DATA  SHEET  Exercise  Date 

PART  II --COM  PUT  ATI  ON  SHEET  Time 


Figure  11 
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For  values  ot  n urtMter  than  it),  table  values  may  be  approximated 
by  the  formula  ( F <\J  Jn-  l )*•/  £,  where  F takes  on  the  values  shown 
on  the  bottom  ot  the  table. 

Hus  table  is  derived  from  "Handbook  of  Mathematical  Function,  with 
Formulas,  Graphs  and  Mathematical  Tables,"  edited  by  M.  Abramowit/. 
and  1.  A.  Stegun,  U.  S.  Department  of  Commerce,  National  Bureau  of 
Standards,  Applied  Mathematics  Series  55.  Table  values  were  taken 
Irom  table  2t>.  8,  Percentage  Points  of  the  \“  Distribution  or  were 
interpolated  from  Table  .lb.  7,  Probability  Integral  of  Distribution, 
Incomplete  Gamma  Function  and  Cumulative  Sums  of  the  Poisson 
Dt  st  rihut  ion. 
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Computation  and  scoring 

1)  Performance  on  a given  leg 

2)  Performance  for  the  exercise 

3)  Statistical  adequacy  of  the  sample 

a)  Number  of  target  legs 

b)  Variations  in  target  aspect 

4)  Use  of  E0/Es  and  (E0/Es)^  nomograms 

5)  Use  of  the  scoring  tables 

6)  Eliminating  system  bias 


2.  Completing  the  Sonar  Operator  Tracking 
Summary 

a.  Completing  the  data 

b.  Computing  the  cumulative  tracking  performance  score 
including  system  bias 

c.  Computing  the  cumulative  tracking  performance  score 
without  system  bias 

d.  Maintaining  the  operator  tracking  performance  log 


3.  Sample  Problems 


(The  procedure  to  be  followed  will  be  expanded  in  the  Standards 
Guide.  In  summary,  it  is  as  follows: 

Step  1 

Complete  the  target  data  entries  in  the  Exercise  Tracking  Data 
Sheet,  using  reconstruction  data  from  the  target. 

Step  2 

Select  the  appropriate  measurement  time  for  each  course  leg  of 
the  target  track.  Enter  target  range,  estimated  target  course 
and  estimated  target  speed. 
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Step  3 

Read  the  standard  course  error  and  standard  speed  error  values 
for  each  track  leg  from  the  appropriate  curves  (samples,  Figures 
6,  7,  8 and  9)  using  magnitude  of  last  course  or  speed  change, 
time  since  last  course  or  speed  change,  and  target  range  as 
inputs. 

Step  4 

Compute  the  solution  course  error  and  solution  speed  error  for 
each  leg  at  the  selected  measurement  time.  Compute  the  mean 
course  solution  error  and  the  mean  speed  solution  error  for  all 
track  legs  in  the  exercise. 

Step  5 

Compute  the  square  of  the  ratio  of  actual  error  to  standard  error 
(EQ1/ES)2  for  the  course  and  for  the  speed  on  each  track  leg  using 
either  a slide  rule  or  the  nomogram  provided  (Figure  10).  Com- 
pute the  sum  of  all  these  squared  ratios. 

Step  6 

Enter  the  scoring  table  (Table  I)  with  the  total  number  of  samples 
used  (twice  the  number  of  track  legs  evaluated)  and  the  sum  of 
the  squared  ratios.  Read  the  score  from  the  column  headings, 
interpolating.  This  is  the  tracking  performance  score  for  the 
entire  system,  including  the  operator. 

Step  7 

Compute  the  square  of  the  ratio  of  (actual  error  minus  mean  error) 
to  (standard  error);  that  is,  (E0-m)/Es,  for  course  and  speed  on 
each  track  leg  as  in  Step  5.  Compute  the  sum  of  all  these  squared 
ratios. 

Step  8 

Enter  the  scoring  table  (Table  I)  with  two  less  than  the  total 
number  of  samples  used  (twice  the  number  of  track  legs  evaluated 
minus  two)  and  the  sum  of  the  squared  ratios.  Read  the  score 
from  the  column  headings,  interpolating.  This  is  the  tracking 
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performance  score  for  the  sonar  operator  (system  error  minus 
system  bias)) 

E.  Tactical  Effects  of  Sonar  Operator  Tracking 
Error  Levels 

1.  Splash  Point  Errors  to  be  Expected  with 
Zero  Sonar  Operator  Tracking  Errors 

a.  ASROC 

b.  DASH 

2.  Splash  Point  Errors  to  be  Expected  with 
Standard  Sonar  Operator  Tracking  Error 
Levels 

a.  ASROC 

b.  DASH 

3.  Tradeoff  Factors  in  Determining  Weapon 
Launch  Time  or  Need  for  Multiple  Launch 

a.  Target  range 

i 

b.  Tracking  time  on  current  target  leg 

i 

c.  Sonar  operator  tracking  proficiency 

d.  Acceptable  levels  versus  expected  levels  of  splash  point 
error 
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